Abstract: Lassi is a refreshing beverage which is widely consumed throughout our country by people of all age groups. It is a reservoir of nutrients which are easily assimilable by the human body. The current study was initiated to increase functionality of Lassi by incorporation of hydrolyzed whey proteins. A solution of 10% whey protein was hydrolyzed to 7 % degree of hydrolysis (DH) using Flavorzyme at 50 0 C for 30 min. using 1:25 enzyme: substrate ratio. Calculated amount of cream and lactic acid were added to the hydrolyzate to bring the desired fat content and pH levels to that of Dahi. It was found that the hydrolyzate could be incorporated at 40 % v/v level in Dahi without causing any adverse effect on the sensory attributes of Lassi. It was found that addition of sugar @15% (w/w) of Lassi gave acceptable quality product. The average composition of optimized product was -23.04 % TS, 3.78 % protein, 2.33 % fat, 0.49 % ash and 16.5 % total carbohydrates. The average composition of control Lassi was -22.8 % TS, 1.77 % protein, 2.10% fat, 0.49 % ash and 18.44 % total carbohydrate. The presence of low molecular weight peptides in the optimized product using Tricine SDS-PAGE was confirmed. Enriched Lassi was found to have 79.67 % ACE inhibitory activity as opposed to 42.17 % activity in control sample. It was found that non-thermized enriched Lassi sample had a shelf life of 9 days at 5+2 0 C compared to 14 days for thermized sample.
INTRODUCTION
Fermented foods are those foods which have been subjected to the action of microorganisms so that desirable biochemical changes occur, causing significant modifications to that food. Fermentation of milk is associated with several health benefits like enrichment with nutrients, flavour development, and properties like immune modulation, preservation, cholesterol reduction, restoration of intestinal microflora etc. (Sabikhi, 2006) . Dahi is a fermented milk which is consumed widely throughout our country. It can be made into other variants like Lassi, Chaach (buttermilk), Kadhi, Shrikhand etc. Lassi is defined scientifically as a fermented milk beverage obtained after the growth of selected culture, usually lactic streptococci, in heat treated or partially whole milk followed by sweetening with sugar (Sabikhi, 2006) . Milk has been identified as one of the main sources of protein for all age groups of humans. Two major whey proteins are found in whey namely α-lactalbumin and β-lactoglobulin. Apart from their obvious nutritive value, milk proteins and peptides exert a wide range of biological functions. Most of the proteins which are provento exhibit bioactive properties have originated from milk and its derivatives like immunoglobulins, caseins and whey proteins (Walther and Seiber, 2011) .Native sequences of milk proteins , 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.jans.ansfoundation.org may contain fragments that exert various activities, such as antihypertensive, antithrombotic, opioid, opioid antagonist, immunomodulatory, antibacterial, antifungal, antiviral, antioxidant, binding and transporting metals, preventing amnesia and causing smooth muscle contractions (Szwajkowska et al., 2011) . Uses of these peptides have generated much interest among pharmaceutical and food industry. Studies have been undertaken to incorporate peptides into different foods (Bongers and Heimer, 1994; Papagianni, 2003; Pan et al., 2006; Jenny, 2007; Sarmadi and Ismail, 2010; Rajanbabu and Chen, 2011; Anuradha et al., 2013) . Anuradha et al. (2013) have evaluated antioxidant and physico-chemical characteristics of ice cream added with whey protein hydrolysate. The potential use of hydrolysed proteins in infant milk formulae to prevent the occurrence of allergies and food intolerance in infants has been reviewed by Osborn and Sinn (2009) . Manninen (2004) has reviewed the importance of protein hydrolysates in sports nutrition. Protein hydrolyzate containing products have been specifically formulated for post exercise recovery. Jenny (2007) successfully enriched milk with functional peptides obtained by the hydrolysis of Whey Protein Concentrate (WPC). Peptide-rich hydrolysates are incorporated into Lassi, which is a beverage widely consumed in different variants and enjoyed by all age groups. Hydrolysate normally, produces slight bitterness, however, fortification of peptides/ hydrolysatein Lassi is favourable because of its sweet and sour taste. Incorporation of peptides in Lassi, will enhance its nutritional profile, and increase availability of nutrients. The present study has the potential to open up a new variety of functional foods wherein foods already rich in their respective tastes can help in increasing the palatability of hydrolysates and support a higher percentage of incorporation. Generation of bioactive peptides was carried out by enzymatic hydrolysis of WPC. The slight bitterness caused by hydrolysis was masked by adding flavours which increased its palatability. Therefore, the current research was planned and carried out to further enrich Lassi with peptides from whey protein hydrolysates.
MATERIALS AND METHODS
Hydrolysis of WPC (70% protein -PROCON 3700, M/s Mahaan Proteins Ltd., New Delhi) solutions (10 and 15%) was carried out by enzymatic hydrolysis using "Flavorzyme"(1000 LAPU/g, Novozymes South Asia Pvt. Ltd.). Hydrolysis was carried out at pH 7.0, in a water bath maintained at 500C. Degree of hydrolysis (% DH) of 5, 7 and 10 % and enzyme to substrate ratios of 1: 25, 1: 50 and 1: 100 were studied. Degree of hydrolysis was measured according to the pH-stat technique as described by Adler-Nissen (1986) . The WPC solutions (5%, 10% and 15% whey protein solution) were preincubated at 50 0 C and the pH was adjusted to 7.0 using 0.5 N NaOH followed by the addition of Flavourzyme enzyme at different E:S ratios of 1:25, 1:50 and 1:100. As hydrolysis proceeds, pH drops and correspondingly, more base (NaOH) was added to maintain the pH at 7.0 and the base consumed was noted at 10 minutes interval. The amount of total base that would be consumed for a particular Degree of Hydrolysis (DH) was calculated using the formula given below and at that point the enzyme hydrolysis was stopped by heating the hydrolysate at 85 0 C for 10 min. The calculation of DH was done as follows and expressed as per cent. % DH = B x Nb x (1/α) x (1/MP) x (1/ htot) x 100 where, B = Base consumption in ml (NaOH), Nb = Normality of the base (0.5 N), MP = mass of protein in g, htot = Total number of peptide bonds in the protein substrate (meq/g protein for whey protein; htot = 8.8), α =Average degree of dissociation of the α-NH2 groups. These were computed by taking pKa values for different amino acids at various temperatures and pH as per table values shown in Table 7 . Preparation of control Lassi: Fresh raw milk (3.5±0.2 % fat) received from Experimental Dairy Plant, SRS of NDRI, Bangalore was pasteurized at 85 0 C for 10 min. This milk was cooled to 32 -35 0 C and inoculated with 1 % of Lactococcuslactis ssp. lactis culture and mixed for 5 min. The milk was incubation at 30 0 C for 12-15 h till 0.70±0.05 % LA was achieved. The set Dahi was stirred manually to break the coagulum and sugar syrup was added at the rate of 15% (by weight of Dahi). Rose flavour (International Flavours and Fragrances) was then added at the rate of 0.1 % (w/w of Lassi). All the ingredients were blended in a mechanical blender for 30 s for preparation of control Lassi. Preparation of enriched Lassi: WPC solution (10%, 15%) was prepared and Flavourzyme was added at different enzyme to substrate ratios. A pH of 7.0 (by addition of 0.1N NaOH solution) and temperature of 50 0 C was maintained throughout the duration of hydrolysis. The Degree of Hydrolysis (DH) wasmeasured after every 10 min. interval. After achieving the desired DH, the enzyme activity was stopped by heating the hydrolysates at 85 0 C for 10 min and then cooling the solution to 30±2 0 C. The fat percentage in hydrolysate was standardized to 3.5% by addition of calculated quantity of 40% fat cream. It was then added to Dahi in different proportions (30, 40 and 50 % w/w of Dahi). Pasteurized chilled water was added to the mixture of Dahi and hydrolysate at the rate of 20 % v/v of Dahi. Sugar syrup was added at the rate of 15% (by weight of Dahi). Rose essense was then added at the rate of 0.1 % on Lassi basis followed by blending in a mechanical blender for preparation of final enriched Lassi. Storage studies: Lassi (200 ml) was packed in flexible pouches (60µ LDPE pouches) and stored under refrigeration (5±2 0 C). All the samples were subjected to sensory evaluation by a panel of eight judges when fresh and at regular intervals during storage using 9-point hedonic scale (Stone and Sidel 2004) . The yeast and mold count were also monitored at regular intervals during storage. Thermisation of Lassi: The packaged pouches were thermized by placing them in a water bath maintained at 65 0 C. The product was placed in the water bath till it attained a temperature of 65 °C for 5 min. After this treatment, they were immediately cooled to room temperature, before storing under refrigeration (5±2 0 C). Physico-chemical analysis: Total solids (TS), fat content, ash content and titratable acidity of Lassi were estimated according to the procedure mentioned in BIS (1981) . The protein in Lassi was determined by standard MicroKjeldahl method as described in AOAC (2005) . The pH of samples was measured using a digital pH meter (Digisun Electronics, Hyderabad, Model: DI 707). The apparent viscosity of Lassi samples (5±2 0 C) were determined using a rotational viscometer (Model RVDV-II Pro, Brookfield Engineering laboratory, Stoughton, MA) at various spindle speeds, in steps of 10 rpm, in a continuous run mode The consistency and index of viscosity of Lassi samples (5±2 0 C) were measured using TA.XT plus Stable Micro System, England. Lassi was filled in the specified container up to 3/4 th level and the probe (disc shaped) was allowed to travel into the sample under specified settings. Force for back extrusion was measured from a force-distance curve which gave empirical values for consistency and index of viscosity.
Identification of low molecular weight peptides using Tricine Sodium Dodecyl Sulphate Poly-Acrylamide Gel electrophoresis (Tricine -SDS PAGE):
The presence of low molecular weight peptides was investigated using the method outlined by Schagger and Jagow (1987) . Before loading samples on to a vertical acrylamide gel, the Protein content in hydrolysates and Lassi samples was determined as per the Lowry"s method. The standard curve is illustrated in Figure 1 . Angiotensin converting enzyme (ACE) inhibition assay: Angiotensin converting enzyme (ACE) inhibitory activity was measured using the method suggested by Hernandez-Ledesma et al. (2003) . The method is based on the liberation of hippuric acid from hippuryl-L-histidyl-L-leucine (HHL) catalyzed by ACE. Sensory analysis: The enriched Lassi was analyzed for sensory characteristics at 8±2 C by a trained panel of eight judges using a 9-point hedonic scale score card. All the samples were coded with a random 3-digit number and the critical comments expressed by the judges were recorded. Microbiological analysis: The coliform count and yeast and mold countswere estimated as per the methods stated in BIS (1981) . Statistical analysis: Data obtained during the present project work were subjected to statistical analysis for one way ANOVA using Microsoft Excel computer package.
RESULTS AND DISCUSSION
Standardization of procedure for enzymatic hydrolysis of WPC: The main parameters standardized for this study were concentration of the WPC solution, the enzyme to substrate ratio and degree of hydrolysis attained by the solution. Two combinations of WPC solutions i.e. 10 and 15% were prepared and two enzyme to protein ratio of 1:25 and 1:50 were evaluated at three different DH viz. 5, 7 and 10 %. The time taken to hydrolyze different combinations of WPC solutions with varying enzyme to protein ratios to attain the desired DH is presented in Table 1 . It is observed in Table 1 that with the increase in concentration of protein solution,time taken to reach a given hydrolysis level increased. It can be seen from Table 1 that the DH has a significant effect (p<0.05) on time 
Fig. 4. Tricine -SDS PAGE of enriched Lassi with 10% protein hydrolyzate having 7 % DH. 1 -Marker, 2 and 3 -Control Lassi, 4 and 5-incorporation of 30% (v/v) WPH, 6-incorporation of 40 % (v/v) WPH, 7 and 8 -incorporation of 50 % (v/v) WPH.
taken for hydrolysis. Between 10 and 15 % protein solutions, the latter took more time to reach a particular DH although the enzyme to substrate ratio was same. The reaction was quick in the initial stages of hydrolysis since all susceptible bonds are attacked rapidly. Therefore, low degree of hydrolysis was achieved quickly for both the solutions of protein. As the hydrolysis activity progressed, strength of the enzyme tends to decrease since enzyme molecules have had reacted with all the available substrate sites. Therefore, it can be concluded that, as enzyme concentration increases, the time taken to achieve a particular degree of hydrolysis decreases. It was also observed that concentration of whey protein solution affects time taken to reach a particular degree of hydrolysis at same E:S ratio. Effect of enzyme: substrate ratio on degree of hydrolysis in different protein concentrations at 30 min of hydrolysis: Time of hydrolysis is important for whey protein solutions because it is a conducive environment for bacterial growth and survival at 50 0 C. Therefore, an attempt was made to observe degree of Figure 2 . The presence of two main protein fractions i.e β -lactoglobulin (18.4 KDa)and α -lactalbumin (14.2 KDa) is distinct and clearly visible confirming the respective position as compared to the marker. Appearance of bands below α -lactalbumin (lane 3 to 8) is an indicative of the presence of peptides due to hydrolysis (Fig.2) . As the DH increases, it was observed that intensity of β-lactoglobulin band decreases to a greater extent as compared to α-lactalbumin band. Thus, it is clear that α-lactalbumin is more resistant to hydrolysis by Flavourzyme as compared to β-lactoglobulin. This finding has been supported by the work of Gauthier and Pouliot (2003) who hydrolyzed whey proteins using trypsin. The examination of the peptide sequences revealed that the majority of the tryptic peptides originated from β-lactoglobulin, with only the sequence 105-108 from α-lactalbumin. Britten and Giroux(1994) hydrolyzed WPC solution (6% protein) using Rhozyme, a broad specificity protease from Aspergillusoryzae. They found that Rhozyme did not attack α-lactalbumin. On the other hand, half of the β-lactoglobulin content was hydrolyzed when the degree of hydrolysis reached 5.1%. Schmidt and Poll (1991) hydrolyzed different fractions of whey protein using trypsin. They found that α-lactalbumin was insensitive to the action of trypsin, while at the same time, β-lactoglobulin was rapidly hydrolyzed. Thus from the above discussion it can be concluded that maximum number of peptides are visible in hydrolysate with 7% DH and hydrolysis of β-lactoglobulin occurredto a greater extent than that of α-lactalbumin.
Effect of incorporation of whey protein hydrolyzate on the sensory attributes of Lassi:
Whey protein solutions of 10 % and 15% were hydrolyzed to different DH viz. 5, 7 and 10 % at 50 0 C, using enzyme : substrate ratio of 1:25. These three hydrolysates were added separately to Dahi at 30, 40 and 50 % (w/w of Dahi) levels. Lactic acid was added to hydrolysates to adjust the pH within 4.18 -4.32 which were similar control Lassi. The relevant results are presented in Table 3 . Sensory evaluation of each combination revealed that flavour and overall acceptability were the most affected parameters. The least preferred sample was that of 10 % DH. Extensive hydrolysis released bitterness causing peptides. The samples containing 10 % DH hydrolysates had the least palatability. Therefore they were eliminated from further investigation. In the other two cases, 5 % DH could be incorporated to a level of 50 % v/v (10 % protein solution) and 40 % v/v (15 % protein solution). But it was previously noticed that Tricine SDS Page showed 7 % DH gave the maximum number of low molecular weight peptides. 7 % DH solution was found to be acceptable when added at a level of 40 % v/v to the Lassi. Finally the choice had to be made between 10 % solution hydrolyzed to 7 % DH or 15 % solution hydrolyzed to 7 % DH. The sensory scores between the two were compared. It was observed (Table 3) Table 5 , it was observed that protein content in enriched Lassi is higher which is due to the addition of 40 % hydrolysate from 10% whey protein solution. Milk fat content of control and enriched Lassi was 2.10 and 2.33 % respectively. There was no difference in the ash content between the two samples. The higher total carbohydrate content in control Lassi could be attributed to higher amount of lactose content in control as compared to enriched Lassi. Average consistency values and viscosity indices obtained the samples were higher in control compared to enriched Lassi. The main reason may be due to the absence of casein in hydrolysate. There was a casein gel formation in control Lassi due to fermentation while enriched Lassi, containing 40 % whey protein hydrolysate, did not contribute any gel matrix. Therefore proportionately, the casein gel content was lowered in the enriched Lassi. This led to decrease in the consistency and viscosity index values in enriched Lassi. Apparent viscosity in control was 1031 cP while enriched Lassi, it was 668 cP. As discussed previously, added hydrolysate from WPC is probably responsible for a lower value in the enriched Lassi. Yeast and mold and coliform counts of both the samples were found to be nil. Angiotensin-I-converting enzyme (ACE) inhibitory activity: ACE inhibitory activity in WPC, its hydrolyzate, control and enriched Lassi were compared. The maximum ACE-inhibition was obtained in the whey protein hydrolyzate (90.66%) and the minimum was in whey protein solution (19.24%) (Fig.3) . The maximum activity could be attributed due to the peptides released after the action of Flavourzyme on the whey proteins whereas minimum may be due to the absence ofpeptides in whey protein solution. Control Lassi showed ACE-inhibition activities of 42.17%. The presence of higher anti -hypertensive properties in enriched Lassi incorporated with 40% hydrolyzed whey protein compared to the control Lassi could be attributed to the presence of lower molecular peptides through added WPC hydrolysate into Lassi. Our observations are in agreement with the report of anti hypertensive activity in milk and milk products which can be generated by either fermentation or by enzymatic hydrolysis (Hernandez Ledesma et al., 2003) . Heart rate lowering effects in spontaneously hypertensive rats has been reported through the feeding of fermented milks with Lactococcuslactis NRRLB-50571 and NRRLB-50572 (Nakamura et al., 1995) . The present study also showed that 10% whey protein hydrolyzate with DH of 7% had a good ACE-inhibiting activity. When incorporated into Lassi at an acceptable level of 40% (v/ v), it increased the ACE-inhibiting activity of the Lassi, thus improving its biological property of increased antihypertensive activity. The method of preparation of enriched Lassi has been outlined in Figure 9 . The final formulation of Lassi has been shown in Table 6 . Effect of storage on Sensory attributes: Both the Control and enriched Lassi were stored at refrigeration temperature i.e. 5±2 0 C. The relevant results are presented in Figure 5 . As the storage time elapsed, visible changes started occurring in the samples. The most obvious change was separation of fat in enriched Lassi samples while whey was separated at the surface in control Lassi. Both the changes can be overcome once the pouches were shaken properly before consumption. Viscosity of both the control samples was observed to decrease and the mouth feel appeared to be watery. As the storage duration progressed, flavours in all the samples gradually changed to a very strong and pungent acidic flavour. Enriched Lassi samples had a very insipid flavour because of the presence of hydrolysates as compared to control Lassi. Sensory evaluation of the non-thermized Lassi showed a decrease in sensory scores from initial 7.96 to 6.04 in control and from 7.82 to 5.72 for enriched Lassi after 9 d storage and both became unacceptable. Similarly, spoilage was also observed in both the thermized Lassi samples. But the rate of spoilage was slow as heat treatment was given to both samples initially. At the end of 14 d, overall acceptability scores were 5.88 for control and 5.72 for enriched Lassi and both the products were unacceptable. Effect of storage on the pH values: The changes in average pH values of the samples showed a decreasing trend with the increase in storage periods irrespective of type samples and their treatments. In the case of non-thermized Lassi samples, the pH values of control decreased from 4.25 on day 0 to 3.51 on day 12. Similarly pH values of non-thermized enriched Lassi decreased from 4.30 on day 0 to 3.80 on day 12 (Fig. 6) . But between the two samples, the pH of enriched Lassi showed lower decrease compared to control sample. This can be attributed to lower microbial spoilage due tothe presence of anti-microbial properties of hydrolyzed protein in enriched Lassi. Both the thermized Lassi showed a slow decrease in the pH values during storage from day 0 to day 14. Thermization resulted in the improvement of shelflife of these samples. Proteolysis due to psychrotrophic bacteria were expected to be lower as some these organisms were destroyed by thermization treatment. Therefore, the reduction in pH values were found to be slower. pH values of thermized enriched Lassi, decreased slowly from 4.26 to 3.9 during storage. Anti-microbial effect of hydrolysates could also be responsible for a better shelf life as reflected by the pH values in thermized enriched Lassi. Effect of storage under refrigeration on the Yeast and mold count of Lassi samples: Yeast and mould counts of all the four samples showed an increasing trend during entire period of storage. Though the initial yeast and mold counts of all the four samples were nil, the count was observed after 3 days of storage onwards. It was observed that rate of growth was more in both the non thermized samples than in thermized samples for the same period of storage. The counts were 25 in controland 10 cfu/mL in enrichedLassi on 9th day of storage and products were unacceptable whereas thermized Lassi became unacceptable after 14th dayof storage. The yeast and mould counts were 32 and 25 cfu/ mL in control and enriched Lassi, respectively (Fig. 7) . The gradual increase in the yeast and mold count could be related to dormant yeast and mold spores which were activated after pH of Lassi samples decreased during storage. As the storage period progressed, the counts also were found to increase. At the end of storage duration, it was observed that counts for enriched Lassi were lower than that of control Lassi in both thermized and non-thermized samples. This may be due to anti-microbial properties of hydrolysate. The hydrolyzed protein may have inhibited the growth of yeast and mold which resulted in a lower counts in both the enriched Lassi sample. In similar studies Bolscher et al. (2012) reported that the candidacidal properties of a chimeric peptide derived from Lactoferrin was found to possess a strikingly killing activity against Candida albicans. Puknun et al. (2013) also reported that a heterodimer comprised of two bovine lactoferrin antimicrobial peptides exhibits powerful bactericidal activity against Burkholderia pseudomallei , a Gram negative, aerobic, soil dwelling bacterium. Electrophoretic study of stored Lassi: Protein hydrolysis takes places even during storage of fermented products due to the presence of microorganisms. It was felt to study the eletrophoretic analysis to evaluate the further hydrolysis of protein during storage and status of peptides profile present in the enriched Lassi during storage. Therefore, fresh, stored and spoiled (10 d old) samples were analysed for comparison. The fresh whey protein solution ( lane 2) did not show any casein fraction and peptides and only bands for β-lactoglobulin (18.4 kDa) and α-lactalbumin (14.2 kDa) were easily visible (Fig.8) . Lane 3 (fresh controlLassi) which has no hydrolyzate, did not show any prominent bands below α-lactalbumin. Stored control Lassi (lanes 4 and5) showed the appearance diffused bands of casein fractions as well as presence of small amount of whey proteins fractions. This indicates further hydrolysis of casein and whey proteins during storage due toexcessive microbial fermentation during storage. Whey protein bands (lane 4 and 5) were diffused which was sharp in fresh sample (lane 3). This resulted in diffused bands which were lighter in intensity. Fresh enriched Lassi ( lane 6) showed the presence of sharp casein bands compared to that 10 days old stored enriched Lassi (lane 7 and 8) and the bands appeared little hazy . Main differences between fresh and spoiled Lassi were observed in whey protein bands. Spoilage due to excess fermentation had resulted in diffused bands of β-lactoglobulin and α-lactalbumin. The presence of a thick diffused band below α-lactalbumin in the spoiled samples indicate it got affected to a great extent during storage.
Conclusion
From the study conducted, it can be concluded that a health beverage like Lassi can be prepared by incorporating whey protein hydrolysates for better functionality. Though there could be changes in flavor, palatability can be improved using the right type of permitted additives. . The presence of low molecular weight peptides in the optimized product using Tricine SDS-PAGE was confirmed. In the conducted project, Lassi enriched with 40 % hydrolysates with 7 % DH was found to have ACE inhibitory activity of 79.67% as opposed to 42.17 % activity in control sample, which will benefit consumers in controlling hypertension... It was found that non-thermized enriched Lassi sample had a shelf life of 9 days at 5+2 0 C compared to 14 days for thermized sample. This shelf life can be marginally extended by thermization treatment at 65 0 C for 5 min. Thus, the developed enriched Lassi containing lower molecular weight peptides and ACE inhibitory effects could have a considerable market potential in current times as consumers have started to realize the benefits of functional foods.
